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DSSUR[LPDWHO\ ELOOLRQ (XURV SHU DQQXP LQVXUDQFH HVWLPDWHV ,Q 6ZHGHQ VXFK LQMXULHV DFFRXQW IRU
aRIDOO LQMXULHV OHDGLQJ WRGLVDELOLW\GXH WRYHKLFOHFUDVKHV.XOOJUHQHWDO7KHPDMRULW\RI
WKRVH H[SHULHQFLQJ LQLWLDO QHFN V\PSWRPV UHFRYHU ZLWKLQ D IHZ ZHHNV RU PRQWKV DIWHU WKH FUDVK 7KH
:KLSODVK&RPPLVVLRQ KRZHYHU ±RI LQGLYLGXDOV H[SHULHQFHGLIIHUHQW OHYHOV RI SHUPDQHQW
GLVDELOLWLHV1\JUHQHWDO.UDIIW7KH:KLSODVK&RPPLVVLRQ:KLSODVKLQMXULHVRFFXU
DWUHODWLYHO\ORZYHORFLW\FKDQJHVW\SLFDOO\NPK(LFKEHUJHUHWDO.XOOJUHQHWDODQG
LQ LPSDFWV IURP DOO GLUHFWLRQV 5HDU LPSDFWV KRZHYHU RFFXU PRVW IUHTXHQWO\ LQ DFFLGHQW VWDWLVWLFV
:DWDQDEHHWDO

,QMXU\ VWDWLVWLFV IURP WKH PLG V XQWLO WRGD\ )LJ  VKRZ WKDW IHPDOHV KDYH D KLJKHU ULVN RI
VXVWDLQLQJZKLSODVKLQMXULHVWKDQPDOHVUDQJLQJIURPWRWLPHVKLJKHU.LKOEHUJ2¶1HLOOHWDO
7KRPDVHWDO2WUHPVNLHWDO0DDJHWDO0RUULV	7KRPDV'ROLQLV
7HPPLQJ	=REHO5LFKWHUHW DO&KDSOLQHHW DO.UDIIW HW DO -DNREVVRQHW DO
6WURYLNHWDO

)LJ:KLSODVKLQMXU\ULVNIRUIHPDOHVFRPSDUHGWRPDOHV7KHULVNIRUPDOHVLVVHWWR
,WKDVEHHQVKRZQWKDWH[LVWLQJFRQFHSWV IRUZKLSODVKSURWHFWLRQVHDWV LQJHQHUDODUHPRUHHIIHFWLYH IRU
PDOHV WKDQ IHPDOHV .XOOJUHQ 	 .UDIIW  7KH ULVN UHGXFWLRQ FRQFHUQLQJ SHUPDQHQW PHGLFDO
LPSDLUPHQWZDVDSSUR[LPDWHO\IRU IHPDOHVDQGIRUPDOHV)LJ7KHVHUHVXOWV VXJJHVW WKDW
WKHGLIIHUHQFHLQGLIIHUHQWVHDWFRQFHSWVHIIHFWLYHQHVVFRXOGYDU\ZKHQRFFXSLHGE\PDOHVDQGIHPDOHV,W
LV LPSRUWDQW WR IXUWKHU YDOLGDWH WKHVHGLIIHUHQFHV DQG WR XQGHUVWDQG WKH UHDVRQEHKLQG WKHP LQRUGHU WR
DFKLHYHEHWWHUSURWHFWLRQIRUIHPDOHVLQSDUWLFXODUEXWDOVRIRUPDOHV
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
)LJ:KLSODVKLQMXU\UHGXFWLRQIRUIHPDOHV)DQGPDOHV0LQFOXGLQJFRQILGHQFHLQWHUYDOEDVHGRQWKHUHVXOWVIURP
.XOOJUHQ	.UDIIW
)HPDOHV DQG PDOHV KDYH GLIIHUHQW DQWKURSRPHWU\ DQG PDVV GLVWULEXWLRQ ZKLFK PD\ LQIOXHQFH WKH
LQWHUDFWLRQRIWKHXSSHUERG\ZLWKWKHVHDWEDFNDQGKHDGUHVWUDLQWDQGWKXVWKHLQMXU\ULVN)RUH[DPSOH
WKHGHIOHFWLRQRIWKHVHDWIUDPHEDFNUHVWSDGGLQJDQGVSULQJVPD\GHSHQGRQWKHPDVVDQGRUWKHFHQWUH
RI PDVV RI WKH XSSHU ERG\ ZLWK UHVSHFW WR WKH OHYHU DERXW WKH VHDWEDFN KLQJH 7KH GHIOHFWLRQ RI WKH
VWUXFWXUHVRI WKHEDFN UHVW DIIHFWV WKHSODVWLF GHIRUPDWLRQ HQHUJ\ DEVRUSWLRQ DQG WKHG\QDPLFKHDGWR
KHDG UHVWUDLQW GLVWDQFH DV ZHOO DV WKH UHERXQG RI WKH WRUVR 6YHQVVRQ HW DO  &URIW  9LDQR
7KHPRWLRQRIWKHKHDGUHODWLYHWRWKHKHDGUHVWUDLQWPD\EHDIIHFWHGE\VHDWHGKHLJKWLQUHODWLRQWR
WKH KHDG UHVWUDLQW JHRPHWU\ ,W KDV EHHQ UHSRUWHG WKDW IHPDOHV KDYH D VRPHZKDW GLIIHUHQW G\QDPLF
UHVSRQVH LQ UHDU YROXQWHHU WHVWV VXFK DV D JUHDWHU KHDG [DFFHOHUDWLRQ D JUHDWHU RU VLPLODU 7 [
DFFHOHUDWLRQ D ORZHU RU VLPLODU 1HFN ,QMXU\ &ULWHULRQ 1,& YDOXH DQG D PRUH SURQRXQFHG UHERXQG
6]DER HW DO 6LHJPXQGHW DO +HOO HW DO :HOFKHU	6]DER&URIW HW DO 
0RUGDND	*HQWOH9LDQR2QRHWDO/LQGHUHWDO6FKLFNHWDO&DUOVVRQHW
DO&DUOVVRQHWDOWKDQPDOHV

$VDQLOOXVWUDWLRQRIWKHDQWKURSRPHWULFGLIIHUHQFHEHWZHHQPDOHVDQGIHPDOHV)LJVKRZVWKHVWDWXUH
GLVWULEXWLRQRIWKH%ULWLVKPDOHDQGIHPDOHSRSXODWLRQDQGWKHFXUUHQWRFFXSDQWPRGHOWKH%LR5,'7KH
UHVXOWVRIWKH$'6($7$GDSWLYH6HDWWR5HGXFH1HFN,QMXULHVIRU)HPDOHDQG0DOH2FFXSDQWVSURMHFW
ZLOOFRQWULEXWHZLWKDQDGGLWLRQDORFFXSDQWPRGHODVLOOXVWUDWHGEHORZ)LJ

)LJ7KHVWDWXUHGLVWULEXWLRQRI%ULWLVKPDOHVKDGHGGDUNJUH\DQGIHPDOHVKDGHGOLJKWJUH\FDUGULYHUVLQFRPSDULVRQWRWKH
%LR5,'WKSHUFHQWLOHPDOHGXPP\XVHGIRUUHDULPSDFWWHVWLQJDQGWKHILQLWHHOHPHQWGXPP\PRGHOGHYHORSHGLQ$'6($7
SURMHFW7KHQRUPDOGLVWULEXWLRQVRIWKHVWDWXUHVDUHEDVHGRQGDWDIURP3KHDVDQW	+DVOHJUDYH
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&UDVKWHVWGXPPLHVDUHXVHGZKHQGHYHORSLQJDQGHYDOXDWLQJWKHRFFXSDQWSURWHFWLRQSHUIRUPDQFHRI
DYHKLFOH7KHWKSHUFHQWLOHPDOHFUDVKWHVWGXPP\FRUUHVSRQGWRDaWK±WKSHUFHQWLOHIHPDOHZLWK
UHJDUGVWRVWDWXUHDQGPDVV:HOVK	/HQDUGUHVXOWLQJLQIHPDOHVQRWEHLQJZHOOUHSUHVHQWHGE\
WKH H[LVWLQJ ORZ YHORFLW\ UHDU LPSDFW PDOH GXPPLHV WKH %LR5,' DQG WKH 5,'' &RQVHTXHQWO\ WKH
FXUUHQW VHDWVDQGZKLSODVKSURWHFWLRQ V\VWHPVDUHSULPDULO\DGDSWHG WR WKHWKSHUFHQWLOHPDOHZLWKRXW
FRQVLGHUDWLRQIRUIHPDOHSURSHUWLHVGHVSLWHKLJKHUZKLSODVKLQMXU\ULVNLQIHPDOHV

,Q YLHZ RI WKH DERYH D (XURSHDQ UHVHDUFK HIIRUW ZDV LQLWLDWHG XQGHU WKH $'6($7 SURMHFW 7KH
$'6($7SURMHFW LV DQ(8IXQGHGSURMHFWZLWKLQ WKHWK)UDPHZRUNZKLFKVWDUWHG2FWREHUDQG
ZLOOHQG0DUFK7KHRYHUDOOREMHFWLYHRI$'6($7LVWRSURYLGHJXLGDQFHRQKRZWRHYDOXDWHWKH
SURWHFWLYHSHUIRUPDQFHRIYHKLFOHVHDWGHVLJQVDLPLQJWRUHGXFHWKHLQFLGHQFHRIZKLSODVKLQMXULHV7KH
ZRUNFRQFHQWUDWHVRQHYDOXDWLQJWKHSURWHFWLYHSHUIRUPDQFHRIVHDWVEHQHILFLDOWRPDOHDVZHOODVIHPDOH
PRWRUYHKLFOHRFFXSDQWV%\IRFXVLQJSURMHFWUHVRXUFHVRQWKHODWWHUJURXSWKHLQIOXHQFHRIJHQGHUDQG
DGGLWLRQDO IDFWRUV RQ ZKLSODVK LQMXU\ ULVN ZLOO EH HVWDEOLVKHG 7KH SURMHFW DLPV DW HVWDEOLVKLQJ WKH
SURSHUWLHVRIDQDYHUDJHIHPDOHDQGWRLPSOHPHQWWKRVHLQWRDILQLWHHOHPHQWPRGHOLQRUGHUWRSURYLGHDQ
LPSURYHG WRRO IRU WKHGHYHORSPHQWDQGHYDOXDWLRQRIDGDSWLYH V\VWHPVZLWK VSHFLDO IRFXVRQZKLSODVK
LQMXULHVSURWHFWLRQ

7KLVSDSHUSUHVHQWVWKH$'6($7SURMHFWVPDLQUHVXOWVDWPLGWHUPDQGGHVFULEHVWKHPDLQUHPDLQLQJ
DFWLYLWLHV
0HWKRG
7KH$'6($7SURMHFWLVGLYLGHGLQWRWHFKQLFDO:RUN3DFNDJHV:3DGGUHVVLQJ5HDOZRUOGGDWDDQG
OLWHUDWXUHUHYLHZ:3%LRORJLFDOGDWD:3&RPSXWDWLRQDOPRGHOLQJ:3,QMXU\FULWHULD:3
DQG6HDWHYDOXDWLRQJXLGHOLQHV:3

,Q:35HDOZRUOGGDWD D OLWHUDWXUH UHYLHZRQPDOHDQG IHPDOH:$'ULVNDQG LQMXU\ FULWHULDZDV
SHUIRUPHG,QDGGLWLRQWKHEHQHILWRI:$'SURWHFWLRQGXHWRLPSURYHGFDUVHDWVIRUGLIIHUHQWVHDWDQGFDU
GHVLJQVZLOOEHDVVHVVHGEDVHGRQDFFLGHQWGDWD
,Q:3%LRORJLFDO WHVWV YROXQWHHU DQG3RVW0RUWHP+XPDQ6XEMHFW 30+6 WHVWV RQ IHPDOHV DQG
PDOHV LQ UHDU LPSDFW ZLOO EH FDUULHG RXW 9ROXQWHHU DQG 30+6 WHVWLQJ ZLOO DGGUHVV WKH GLIIHUHQFHV
EHWZHHQIHPDOHVDQGPDOHVGXULQJG\QDPLFORDGLQJ7KHJHRPHWU\DQGPDVVGLVWULEXWLRQRIDQDYHUDJH
IHPDOHVHDWHGLQDFDUVHDWZLOODOVREHHVWDEOLVKHG7KHUHVXOWVIURPWKHWHVWVFDUULHGRXWLQ:3ZLOOIRUP
WKHEDVLVIRUYDOLGDWLQJWKHILQLWHHOHPHQWPRGHOVGHYHORSHGLQ$'6($7
,Q:3&RPSXWDWLRQDOPRGHOLQJDILQLWHHOHPHQWPRGHORIDFUDVKWHVWGXPP\EDVHGRQDQDYHUDJH
IHPDOHZLOOEHGHYHORSHGIRUXVHLQVLPXODWLRQVZLWKLQ:3DQG:37KHPRGHOZLOOEHSURYLGHGLQ/6
'\QD
,Q:3,QMXU\FULWHULDWKUHVKROGV WKHUHOHYDQFHRIFXUUHQWO\XVHGQHFN LQMXU\FULWHULD WRSUHGLFW WKH
LQMXU\ ULVN LQ IHPDOHVZLOO EH DQDO\]HG3URSRVDOVRQKRZ WR DFFRXQW IRU WKH IHPDOH LQMXU\ ULVN LQ VHDW
WHVWLQJ ZLOO EH HVWDEOLVKHG 6OHG WHVWV DQG FRPSXWHU VLPXODWLRQV ZLOO EH SHUIRUPHG WR H[SORUH WKH
DSSOLFDELOLW\RIVXFKUHFRPPHQGDWLRQV
,Q:36HDW HYDOXDWLRQJXLGHOLQHVVHDW HYDOXDWLRQJXLGHOLQHVZLOO EH IRUPXODWHG DQG LQFOXGHG LQ D
QXPHULFDO LOOXVWUDWRUZLWKYDULDEOHSDUDPHWHUV)XUWKHUPRUHDQLOOXVWUDWRUZLOOEHGHYHORSHGZKLFKZLOO
DOORZ VLPSOH LQWHUDFWLYH GHPRQVWUDWLRQ RI ZKLSODVK LQMXU\ PHFKDQLVPV WKH LQIOXHQFH RI GLIIHUHQW VHDW
SDUDPHWHUVDQGJHQGHURQZKLSODVKLQMXULHVDVZHOODVWLSVDQGKLQWVIRUWKHRFFXSDQW5HFRPPHQGDWLRQV
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RQKRZ WR LPSURYH WKHDVVHVVPHQWRI VHDWGHVLJQV LQRUGHU WRHQKDQFH VDIHW\ZLOOEH VSHFLILHGDVZHOO
$Q\UHFRPPHQGDWLRQVZLOOEHLQFOXGHGLQWKHILQDORXWFRPHRIWKH$'6($7SURMHFW
5HVXOWV
5HDOZRUOGGDWD:3
([WHQVLYHOLWHUDWXUHUHYLHZDQGDQDO\VLVRIGDWDEDVHVDYDLODEOHZLWKLQWKHFRQVRUWLXPZDVFDUULHGRXW
7KH UHVXOWV VKRZHG WKDW WKH DYHUDJH ZHLJKW DQG KHLJKW IRU IHPDOHV UHSRUWLQJ:$' FRUUHVSRQG WR WKH
DYHUDJH VL]HG IHPDOH DPRQJ WKH (XURSHDQ FRXQWULHV WKDW LV DSSUR[LPDWHO\  FP DQG  NJ 7KLV
PHDQV WKDW ZHLJKW DQG KHLJKW FORVH WR WKH WK SHUFHQWLOH IHPDOH LV DSSURSULDWH IRU D GXPP\ PRGHO
UHSUHVHQWLQJ IHPDOHV DW ULVN RI :$' 7KH UHYLHZ RQ LQMXU\ FULWHULD VKRZV WKDW WKHUH DUH QR JHQGHU
VSHFLILF LQMXU\ FULWHULD 1R PHWKRGV DUH YDOLGDWHG WR DGHTXDWHO\ VFDOH SURSRVHG WKUHVKROG YDOXHV RI
SRVWXODWHGLQMXU\FULWHULD

5HDOZRUOG GDWD DQDO\VLV VKRZHG WKDW H[LVWLQJ ZKLSODVK SURWHFWLRQ FRQFHSWV DUH PRUH HIIHFWLYH IRU
PDOHVWKDQIRUIHPDOHVZLWKULVNUHGXFWLRQLQSHUPDQHQWPHGLFDOLPSDLUPHQWIRUIHPDOHVDQG
IRUPDOHV.XOOJUHQDQG.UDIIW

6HYHUDOVRXUFHVZHUHHYDOXDWHGLQWKH$'6($7SURMHFW WRHVWDEOLVKZKLFKVL]HRIDIHPDOHPRGHOWR
GHYHORS$ VRXUFHZDV WKH$*8=XULFKGDWDEDVHZKLFK NHHSV WHFKQLFDO DQGPHGLFDO UHFRUGVRI:$'
VXIIHUHUV  GDWD VHWV RI IHPDOHV ZHUH DQDO\VHG 7KH GDWD FRQWDLQHG EDVLF PHDVXUHPHQWV VXFK DV
ZKROHERG\KHLJKWDQGZHLJKW0RUH VSHFLILFPHDVXUHPHQWV VXFKDV VHDWHGKHLJKWRU WKHGLPHQVLRQRI
LQGLYLGXDOERG\SDUWVZHUHQRWDYDLODEOH,WZDVIRXQGWKDWWKHPHGLDQKHLJKWDQGZHLJKWRIWKHDQDO\]HG
IHPDOHV ZHUH  FP DQG  NJ UHVSHFWLYHO\ &RPSDULQJ WKH PHDVXUHPHQWV ZLWK GDWD RI WKH IHPDOH
SRSXODWLRQLQGLIIHUHQW(XURSHDQFRXQWULHVVKRZHGWKDWWKHZHLJKWDQGKHLJKWIRXQGIRUWKHIHPDOHVPRVW
DWULVNLVFORVHWRWKHDYHUDJHZHLJKWDQGKHLJKWRIIHPDOHVLQWKH(XURSHDQFRXQWULHVWKDWLVFPDQG
NJ7DEOH
7DEOH³$YHUDJH´IHPDOHDQWKURSRPHWULHVRIWKHJHQHUDOSRSXODWLRQLQGLIIHUHQW(XURSHDQFRXQWULHV
&RXQWU\ +HLJKW>FP@ :HLJKW>NJ@ $JH>\HDUV@
$XVWULDIK   
&]HFK5HSXEOLFIJ   
*HUPDQ\GI   
)LQODQGIJL   
)UDQFHEIJ   
,WDO\IJ   
7KH1HWKHUODQGVHI   
1RUZD\FIJ   
6SDLQIJ   
6ZHGHQIM   
6ZLW]HUODQGDI   
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8QLWHG.LQJGRPIL   
$YHUDJHRIWKHDERYHJLYHQPHDVXUHV   
>D@KWWSZZZVWDWLVWLNEVEVFKNHQQ]DKOHQLQWHJUDWLRQD
>E@KWWSZZZLQVHHIUIUIIFGRFVBIIFHVGSGI
>F@KWWSZZZVVEQRHQJOLVK\HDUERRNWDEWDEKWPO
>G@KWWSZZZZLVVHQGHZGHJHQHUDWRUZLVVHQUHVVRUWVELOGXQJLQGH[SDJH KWPO
>H@KWWSGLQHGLRWXGHOIWQOHQGLQHG
>I@KWWSVZZZFLDJRYOLEUDU\SXEOLFDWLRQVWKHZRUOGIDFWERRNILHOGVKWPO
>J@KWWSZZZGLVDEOHGZRUOGFRPDUWPDQSXEOLVKKHLJKWFKDUWVKWPO
>K@KWWSZZZLPDVDW
>L@KWWSSV\FKRORJ\ZLNLDFRPZLNL%RG\BZHLJKW
>M@KWWSZZZQRUGVWMHUQDQFRPQHZVVZHGHQ

7KHLQVXUDQFHFRPSDQ\)RONVDPVGDWDEDVHSURYLGHVDQRWKHUVRXUFHIRUZHLJKWDQGKHLJKWGLVWULEXWLRQ
GDWDRIRFFXSDQWVZKRKDVVXVWDLQHGZKLSODVKLQMXULHV LQFOXGLQJYHKLFOHRFFXSDQWVUHSRUWLQJLQMXULHVLQ
FDUFUDVKHV7KHGDWDLQFOXGHIHPDOHRFFXSDQWVLQWRWDODJHGDQGDERYHDWDQDYHUDJHDJHRI
\HDUV7KHDYHUDJHVWDWXUHZDVFPDQGWKHDYHUDJHZHLJKWZDVNJZKLFKFRUUHVSRQGUHODWLYHO\
ZHOOZLWKWKHDYHUDJH(XURSHDQUHVXOWVSUHVHQWHGDERYH

:KHQHVWDEOLVKLQJWKHDQWKURSRPHWU\RIWKH:RUOG6,'PLGVL]HPDOHFUDVKWHVWGXPP\0RVVHWDO
 WKH DYHUDJHZHLJKW DQGKHLJKW RI DQ DYHUDJHRFFXSDQWZDV IRXQG WREH VLPLODU WR WKDW IRXQGE\
6FKQHLGHUHWDO,QRUGHUWRHYDOXDWHLIWKDWGDWDZRXOGEHEHQHILFLDOZKHQGHWHUPLQLQJWKHVL]HIRU
WKH WK SHUFHQWLOH IHPDOH PRGHO GRFXPHQWDWLRQ UHODWLQJ WR WKH VHOHFWLRQ RI FUDVK GXPP\ VL]H LQ WKH
:RUOG6,'SURMHFWZDVVWXGLHG0RVVHWDO
%LRORJLFDOGDWD:3
$QWKURSRPHWU\VSHFLILFDWLRQV
7KHDQWKURSRPHWU\RIWKHWKSHUFHQWLOHIHPDOHIRUDUHDULPSDFWFUDVKGXPP\PRGHOZDVHVWDEOLVKHG
EDVHG RQ GDWD IRXQG LQ WKH VFLHQWLILF SXEOLVKHG OLWHUDWXUH 7KH PRGHO ZDV QDPHG (YD5,' (YD 
IHPDOH5,'5HDU,PSDFW'XPP\DQGGHWDLOVRIWKHVSHFLILFDWLRQDUHSDUWRIWKHSXEOLFDWLRQE\&KDQJHW
DODQG/LQGHUHWDO

$VDQLQLWLDOLQSXWWRWKHGHYHORSPHQWRIWKH(YD5,'PRGHOWKHIROORZLQJGDWDZHUHFROOHFWHG
x 'XPP\PRGHOWRWDOZHLJKWDQGLISRVVLEOHHDFKDVVHPEO\ZHLJKW
x 6HDWHGKHLJKW
x $OOUHODWHGFKHVWGLPHQVLRQVGHSWKDQGZLGWK
x $OOUHODWHGSHOYLVGLPHQVLRQVGHSWKDQGZLGWK
x /HQJWKVRIOLPEVGLVWDQFHEHWZHHQMRLQWV

7KHGDWDIRUWKHWKSHUFHQWLOHIHPDOHZDVSULPDULO\FROOHFWHGIURPVWXGLHVE\6FKQHLGHUHWDO
'LIIULHQWHWDO DQG<RXQJHWDO %RWK<RXQJHWDODQG6FKQHLGHUHWDOGHULYHGVWDWXUH
ZHLJKWDQGVHDWHGKHLJKWIRUWKHWKSHUFHQWLOHIHPDOHIURPWKH+$1(61DWLRQDO+HDOWKDQG1XWULWLRQ
([DPLQDWLRQ6XUYH\+$1(6RI±E\$EUDKDPHWDOGDWD$FFRUGLQJWR<RXQJHWDO
WKH+$1(6VXUYH\SURYLGHVWKHPRVWFXUUHQWDQGDSSURSULDWHJHQHUDOSRSXODWLRQPRGHODYDLODEOH
IRU86DGXOWIHPDOHV+RZHYHUDV<RXQJHWDORQO\FRQVLGHUHGDOLPLWHGDJHUDQJH±\HDUV
FRPSDUHG WR 6FKQHLGHU HW DO  ± \HDUV WKH ODWWHU VRXUFH ZDV XVHG IRU H[WUDFWLQJ WKH
DQWKURSRPHWULF GDWD ,Q DGGLWLRQ DQWKURSRPHWULF GDWD WDNHQ IURP WKH HUJRQRPLF SURJUDPPHV*(%2'
DQG5$06,6ZDVXVHGWRYDOLGDWHWKHFROOHFWHGGDWD3URGXFWVSHFLILFDWLRQIURP+XPDQHWLFVVXFFHHGLQJ
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)766 ZDV DOVR XVHG WR FROOHFW LQIRUPDWLRQ RQ WKH %LR5,' ,, KDUGZDUH GXPP\ PRGHO IRU GLUHFW
FRPSDULVRQRIDQWKURSRPHWU\GDWD)LQDOO\WKHWKSHUFHQWLOHPDOHGDWDZDVEDVHGRQ0F&RQYLOOHHWDO


6FKQHLGHUHW DO GHVFULEHG LQGHWDLOKRZ WKHDQWKURSRPHWU\ZDVGHILQHG IRU WKHWKSHUFHQWLOH
IHPDOHDVZHOODVWKHWKDQGWKSHUFHQWLOHPDOHFUDVKWHVWGXPPLHV7KHVDPHPHWKRGZDVXVHGZKHQ
DSSURSULDWHLQRUGHUWRHVWDEOLVKWKHDQWKURSRPHWU\RI(YD5,'7KHVWDWXUHZHLJKWDQGVHDWHGKHLJKWRI
(YD5,' ZHUH EDVHG RQ 6FKQHLGHU HW DO  VLQFH WKLV GDWDVHW GHILQHG WKH VL]HV RI WKH H[LVWLQJ
GXPPLHV

7DEOH VXPPDUL]HV WKH GLPHQVLRQV RI WKH(YD5,'PRGHO LQ FRPSDULVRQ WR WKH H[LVWLQJ%LR5,' ,,
PRGHOKDUGZDUH7KHVWDWXUH WRWDOZHLJKWDQGVHDWHGKHLJKWZHUHGHULYHGIURP6FKQHLGHUHWDO
7KHDVVHPEO\ZHLJKWVIRUWKHIHPDOHVDUHEDVHGRQGDWDUHSRUWHGE\<RXQJHWDO7KHPDOHVWDWXUH
ZDVGHULYHG IURP6FKQHLGHUHW DO ZKHUHDV WKHZHLJKWRIHDFKERG\SDUW LVEDVHGRQGDWD IURP
0F&RQYLOOHHWDODQG6FKQHLGHUHWDO
7DEOH6WDWXUHZHLJKWVHDWHGKHLJKWRI(YD5,'DQGWKSHUFHQWLOHPDOHE\6FKQHLGHUHWDODQG%LR5,',,
9DULDEOH
WKSHUFHQWLOH)HPDOH WKSHUFHQWLOH0DOH
(YD5,' 6FKQHLGHUHWDO

%LR5,'
)766
7RWDOVWDWXUH>FP@   
7RWDOZHLJKW>NJ@   
+HDG>NJ@   
7KRUD[>NJ@LQFOXGLQJQHFNVSLQH  

$EGRPHQ>NJ@  
3HOYLV>NJ@LQFOXGLQJIODSV   
$UPXSSHU>NJ@   
$UPORZHU>NJ@LQFOXGLQJKDQG   
/HJXSSHU>NJ@H[FOXGLQJIODSV   
/HJORZHU>NJ@  

)RRW>NJ@  
6HDWHG+HLJKW>FP@   
 0F&RQYLOOHHWDO)ODSFF !3HOYLVLQFOIODSV FF NJ9ROXPH
 0F&RQYLOOHHWDO)ODSFF !8SSHUOHJH[FOIODS FF NJ9ROXPH

7KHZHLJKWRIERG\SDUWVDEVROXWHDQGUHODWLYHFRPSDUHGWRRYHUDOOZHLJKWLVSURYLGHGLQ7DEOHDQGRI
WKH(YD5,'DQG%LR5,',,GXPP\PRGHOV
7DEOH&RPSDULVRQRIPDVVGLVWULEXWLRQSHUFHQWDJHRIWKHWRWDOZHLJKWRIWKH%LR5,',,DQGWKH(YD5,'
%RG\3DUW (YD5,' %LR5,',,
0DVV>NJ@ RIWRWDO 0DVV>NJ@ RIWRWDO
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+HDG [    
7RUVRLQFOQHFNVSLQH [    
3HOYLVLQFOIODSV [    
$UPXSSHU [    
$UPORZHULQFOKDQG [    
/HJXSSHUH[FOIODSV [    
/HJORZHULQFOIRRW [    
727$/    
 7KHWRUVRFRQVLVWVRIWKHWKRUD[WKHDEGRPHQDQGWKHVSLQHLQFOXGLQJWKHQHFN

'HWDLOVDERXWWKHDQWKURSRPHWULFGDWDIRUWKHUHPDLQLQJERG\VHJPHQWVDUHGHVFULEHGLQ/LQGHUHWDO
 7KH GDWD ZDV REWDLQHG IURP <RXQJ HW DO  DQG 'LIIULHQW HW DO  UHVSHFWLYHO\ LQ
DGGLWLRQWR6FKQHLGHUHWDOZKLFKSURYLGHGGDWDRQVWDWXUHZHLJKWDQGVHDWHGKHLJKWIRUWKHWK
SHUFHQWLOHIHPDOH

'\QDPLFGDWDIRUPRGHOHYDOXDWLRQ

7HVW GDWD IURP YROXQWHHU WHVWV XVLQJ PDOH DQG IHPDOH YROXQWHHUV LQ LGHQWLFDO WHVW FRQGLWLRQV ZHUH
FROOHFWHGDQGDQDO\VHG&RUULGRUVIRUG\QDPLFIHPDOHFUDVKGXPP\UHVSRQVHZHUHHVWDEOLVKHG&DUOVVRQ
HWDODQGIRUZDUGHGWR:3IRULQLWLDOHYDOXDWLRQRIWKH(YD5,'GXPP\PRGHO,Q&DUOVVRQHWDO
DVHULHVRIUHDULPSDFWVOHGWHVWVFRPSULVLQJHLJKWIHPDOHYROXQWHHUVUHSUHVHQWLQJWKHWKSHUFHQWLOH
IHPDOHZHUHSHUIRUPHGDWDFKDQJHRIYHORFLW\RINPKDQGNPK

,QWKHWHVWVWKHYROXQWHHUVKHDGZHUHHTXLSSHGZLWKDKDUQHVVZLWKWULD[LDODFFHOHURPHWHUVPRXQWHG
RQWKHOHIWVLGHDQGDQDQJXODUDFFHOHURPHWHUPRXQWHGRQWKHULJKWVLGHDVFORVHWRWKHFHQWUHRIJUDYLW\DV
SRVVLEOH RQ HDFK VLGH RI WKH KHDG7ZR OLQHDU DFFHOHURPHWHUV LQ [ DQG ] GLUHFWLRQ ZHUH SODFHG RQ D
KROGHUDWWDFKHGWRWKHVNLQDWIRXUSRLQWVQHDUWKHVSLQDOSURFHVVRI77KHXSSHUERG\ZDVHTXLSSHGZLWK
DKDUQHVVZLWKWULD[LDODFFHOHURPHWHUVPRXQWHGRQWKHFKHVW/LQHDUDFFHOHURPHWHUVZHUHSODFHGRQWKH
EXOOHW VOHG DQG RQ WKH WDUJHW VOHG 7KH WHVW VHWXS DQG WKH SRVLWLRQ RI PDUNHUV DQG LQVWUXPHQWV RQ WKH
YROXQWHHUVDUHVKRZQEHORZ)LJ$GGLWLRQDOO\WKHKHDGWRKHDGUHVWUDLQWGLVWDQFHDQGFRQWDFWWLPHDV
ZHOODVWKH1HFN,QMXU\&ULWHULD1,&ZHUHH[WUDFWHGIURPWKHGDWDVHW7KHYROXQWHHUVZRUHDODSEHOW
GXULQJWKHWHVW

D E
)LJD6OHGVHWXSEYROXQWHHUSRVLWLRQHGLQWKHVHDWLQWKHYROXQWHHUVWHVWVE\&DUOVVRQHWDO

1915 Astrid Linder et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1907 – 1922 
'\QDPLFUHVSRQVHFRUULGRUVIRUWKH[DFFHOHUDWLRQVWKH[GLVSODFHPHQWVDQGWKHDQJXODUGLVSODFHPHQWVRI
WKHKHDG7DQGKHDGUHODWLYHWR7ZHUHJHQHUDWHG5HVXOWLQJFRUULGRUVZHUHFUHDWHGE\6'IURP
WKHDYHUDJHUHVSRQVHRIWKHYROXQWHHUVH[DPSOHVDUHVKRZQEHORZ)LJ


D

E
)LJ([DPSOHVRIUHVSRQVHFRUULGRUVIURP&DUOVVRQHWDOD+RUL]RQWDODFFHOHUDWLRQRIWKHKHDGEKRUL]RQWDO
GLVSODFHPHQWRIWKHKHDG7KHGDUNFRUULGRUVUHSUHVHQWWHVWVFRPSULVLQJPDOHVZKLOVWWKHOLJKWFRUULGRUVUHSUHVHQWWHVWVZLWKIHPDOHV
$GGLWLRQDOYROXQWHHUWHVWV

7R DFTXLUH LQSXW GDWD IRU IXUWKHU LPSURYHPHQWV RI WKH(YD5,'PDWKHPDWLFDOPRGHO DGGLWLRQDO UHDU
LPSDFWVOHGWHVWVZHUHSHUIRUPHGLQ1RYHPEHUFRPSULVLQJHLJKWIHPDOHYROXQWHHUVDWDFKDQJHRI
YHORFLW\RINPK7KHWHVWVHWXSZDVHVVHQWLDOO\WKHVDPHDVWKHSUHYLRXVYROXQWHHUWHVWVHULHV&DUOVVRQ
HW DO  H[FHSW IRU PLQRU FKDQJHV WR WKH VHDW EDVH GHVLJQ DQG KHDG UHVW PDGH WR VLPSOLI\ WKH
PDWKHPDWLFDOPRGHOLQJRIWKHVHDW7KHKHDGWRKHDGUHVWUDLQWGLVWDQFHZDVLQFUHDVHGWRaFPWRGHOD\
KHDGUHVWUDLQWFRQWDFWDQGLPSURYHWKHSRVVLELOLW\RIVWXG\LQJWKHUHWUDFWLRQSKDVH'XHWRWKHLQFUHDVHG
KHDGWRKHDG UHVWUDLQW GLVWDQFH WKH DYHUDJH DFFHOHUDWLRQZDV UHGXFHG WRaJ WR HQVXUH WKH VDIHW\RI WKH
YROXQWHHUV )RU FRPSDULVRQ WKH WHVW VHULHV DOVR LQFOXGHG WHVWV FRPSULVLQJ HLJKWPDOH YROXQWHHUV LQ WKH
VDPHWHVWVHWXS

7KHYROXQWHHUVZHUHVHOHFWHGEDVHGRQWKHLUVWDWXUHDQGPDVVEHLQJFORVHWRWKHWKSHUFHQWLOHIHPDOH
DQG PDOH UHVSHFWLYHO\ DFFRUGLQJ WR WKH 8QLYHUVLW\ RI 0LFKLJDQ 7UDQVSRUWDWLRQ 5HVHDUFK ,QVWLWXWH
8075,VWXG\6FKQHLGHUHWDO)RUWKHIHPDOHYROXQWHHUV WKHVWDWXUHUDQJHGEHWZHHQ±
FPDWDQDYHUDJHRIFPDQGWKHPDVVUDQJHGEHWZHHQ±NJDWDQDYHUDJHRINJ)RUWKH
PDOHYROXQWHHUVWKHVWDWXUHUDQJHGEHWZHHQ±FPDWDQDYHUDJHRIFPDQGWKHPDVVUDQJHG
EHWZHHQ±NJDWDQDYHUDJHRINJ

7KHQHZKHDGUHVWUDLQWEDVHFRQVLVWHGRISO\ZRRGFRYHUHGZLWKIRDPEORFNVILUPO\DWWDFKHGWRWKHVWLII
VHDW IUDPH 7KH KHDG UHVWUDLQW ZDV DGMXVWDEOH LQ KHLJKW 7KH VHDWEDFN KHDG UHVWUDLQW H[FOXGHG ZDV
LGHQWLFDO WR WKH RQH XVHG LQ WKH SUHYLRXV WHVW VHULHV &DUOVVRQ HW DO  (DFK IHPDOH YROXQWHHU
XQGHUZHQWWZRWHVWV%\DGGLQJSDGGLQJWRWKHKHDGUHVWUDLQWWKHKHDGUHVWUDLQWGLVWDQFHZDVFPLQWKH
ILUVWWHVWDQGFPLQWKHVHFRQG7KHPDOHVZHUHRQO\H[SRVHGWRWHVWVZLWKDKHDGWRKHDGUHVWGLVWDQFH
RIFP
7KHDQDO\VLVRIWKHGDWDIURPWKHDERYHGHVFULEHGWHVWVLVRQJRLQJGXULQJ7KHUHVXOWVZLOODGG
QHZLPSURYHGHYDOXDWLRQGDWDIRUIXWXUHGXPPLHVDQGRFFXSDQWPRGHOV$QHZDFFHOHUDWLRQVOHGWHVWVHW
XS ZLWK D KLJK VSHHG;UD\PRYLH UHFRUGLQJ XQLW KDV EHHQ LQVWDOOHG IRU 30+6 WHVWLQJ LQ UHDU LPSDFW
FRQGLWLRQV7KHVHWXSZLOOSURYLGHGHWDLOHGLQIRUPDWLRQDERXWWKHPRWLRQRILQGLYLGXDOFHUYLFDOYHUWHEUDH
DQGWKHWHVWVZLOOEHSHUIRUPHGWKURXJKRXW

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&RPSXWDWLRQDOPRGHOLQJ:3

7KH ILUVW YHUVLRQ RI D ILQLWH HOHPHQW GXPP\PRGHO RI DQ DYHUDJH IHPDOH FDOOHG(YD5,'9 KDV
EHHQGHYHORSHG LQ/6'\QD7RUHFRQVWUXFW WKH WHVWV IRUPRGHOYDOLGDWLRQDGHWDLOHGVOHGPRGHORI WKH
VHWXSZDVPDGH%DVHGRQ WKHGXPP\PRGHO VSHFLILFDWLRQV WKHPRGHOLQJEHJDQE\ VFDOLQJGRZQ WKH
H[LVWLQJ %LR5,' ,, GXPP\ PRGHO /RFDO UHPHVKLQJ ZDV UHTXLUHG WR FRPSHQVDWH IRU WLPH VWHS DQG
HOHPHQWGLVWRUWLRQHIIHFWVUHVXOWLQJIURPWKHVFDOLQJ7KHPRGHOZDVHYDOXDWHGXQGHUFDOLEUDWLRQORDGLQJ
FRQGLWLRQVZKLFKVKRZHGJRRGFRUUHODWLRQ)XUWKHUPRUHRYHUORDGFRQGLWLRQVZHUHDSSOLHG WRFKHFNRQ
WKHPRGHO UREXVWQHVV2QFH WKH ILUVW YHUVLRQ RI WKH (YD5,'ZDV DYDLODEOH GHWDLOHG HYDOXDWLRQ DJDLQVW
ELRPHFKDQLFDO UHTXLUHPHQWVZDVPDGH7KH ILUVW HYDOXDWLRQ VKRZHG WKDW WKHPRGHO UHVSRQVH FRUUHODWHV
UHDVRQDEO\ZHOOZLWK WKH WHVWGDWD IURP&DUOVVRQHWDO 7KHVHILQGLQJVDUHGHVFULEHG LQGHWDLO LQ
&KDQJ HW DO  DQG /LQGHU HW DO  +RZHYHU IRU ILQDO XVH LQ WKH SURMHFW IXUWKHU PRGHO
UHILQHPHQW LV QHHGHG7KH G\QDPLF UHVSRQVH RI(YD5,'9ZDV FRPSDUHG WR GDWD IURP UHDU LPSDFW
WHVWVFRPSULVLQJIHPDOHYROXQWHHUVE\UXQQLQJWKH(YD5,'9PRGHOLQWKHVDPHWHVWVHWXSDVLQWKH
YROXQWHHUWHVWV)LJD(YD5,'LVEDVHGRQWKHVDPHGHVLJQFRQFHSWDVWKHWKSHUFHQWLOHPDOHUHDU
LPSDFWGXPP\WKH%LR5,',,DVLOOXVWUDWHGEHORZ)LJE

)LJD(YD5,'9PRGHOSHUIRUPHGWKHVDPHWHVWFRQILJXUDWLRQLQDWHVWVHWXSYROXQWHHUWHVWE(YD5,'9DQG%LR5,',,
PRGHO
(YD5,'9PRGHODQGVHDWGHYHORSPHQW

7RPHHWWKHDQWKURSRPHWULFUHTXLUHPHQWVLQWHUPVRIPDVVDQGGLPHQVLRQWKHORQJLWXGLQDOGLPHQVLRQV
DQGPDVVZHUH LQLWLDOO\ VFDOHG WRREWDLQYDOXHV UHODWHG WR WKH WK SHUFHQWLOH IHPDOH1H[W EUHDGWK DQG
GHSWKGLPHQVLRQVZHUHHVWDEOLVKHGEDVHGRQWKHVFDOLQJPHWKRGRIHDFKERG\VHJPHQWLQGHWDLOGHVFULEHG
LQ&KDQJHWDO7KHPHWKRGZDVDSSOLHGWRDOOERG\SDUWV-RLQWSURSHUWLHVIRUWKH(YD5,'9
GXPP\PRGHOZHUH DGRSWHG IURP WKH%LR5,' ,, GXPP\PRGHO7KH FXUYDWXUHRI WKH QHFN VSLQH HWF
ZHUHWKHVDPHIRUERWKPRGHOV$VHDWPRGHOUHSUHVHQWLQJWKHWHVWVHWXSZDVFRQVWUXFWHGIRUWKHLQLWLDO
HYDOXDWLRQ RI WKH G\QDPLF UHVSRQVH RI WKH (YD5,' 9 PRGHO 7KH VHDW EDFN DQG KHDG UHVWUDLQW
FRQVLVWHG RI VWLII SDQHOVZKLFKZHUH FRYHUHG LQ IRDP DQG OLQHGZLWK SOXVK IDEULF 7KH VWLIIQHVV RI WKH
VXSSRUWLQJVSULQJVRQWKHVHDWZHUHPHDVXUHGIURPDQGLPSOHPHQWHGLQWKHILQLWHHOHPHQWPRGHO

'\QDPLFUHVSRQVH

3UHVLPXODWLRQSRVLWLRQLQJRIWKHGXPP\PRGHOZDVFRQGXFWHGDQGFRUUHODWLRQWRWKHLQLWLDOSRVLWLRQRI
WKH (YD5,' 9 PRGHO ZLWK D YROXQWHHU ZDV HQVXUHG E\ FDUHIXOO\ FKHFNLQJ HDFK SRVLWLRQ 7KH
VLPXODWLRQVZLWKWKH(YD5,'9ZHUHSHUIRUPHGDWNPK7KHUHVXOWVDUHVKRZQLQ)LJZKLFK
FRPSDUHV VLPXODWHG UHVXOWV XVLQJ WKH(YD5,'9PRGHOZLWK UHVSRQVH FRUULGRUV DQG9ROXQWHHU 
ZKRPRVWUHVHPEOHWKH(YD5,'GXPP\PRGHOLQWHUPVRIPDVVDQGLQLWLDOSRVLWLRQ)LJVKRZVWKH
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KHDG	7[DFFHOHUDWLRQKHDG	7[GLVSODFHPHQWDQGWKHDQJXODUGLVSODFHPHQWRIWKHKHDG	77
LVWKHILUVWWKRUDFLFYHUWHEUDDQG[GLUHFWLRQLVLQWKHKRUL]RQWDOSODQH

+HDGDQG7[DFFHOHUDWLRQV

7KHKHDGDQG7[DFFHOHUDWLRQVZHUHPRVWO\FORVH WR WKH WHVW UHVXOWVDQGFORVH WRRUZLWKLQ WKH WHVW
FRUULGRUV)LJ


)LJ&RPSDULVRQRIKHDGDQG7[DFFHOHUDWLRQRIWKH(YD5,'9PRGHOUHVSRQVHUHGZLWKFRUULGRUVFRQVWUXFWHGIURPDOO
YROXQWHHUWHVWGDWDRUDQJHOLQHVDQG9ROXQWHHUEODFN
+HDGDQG7'LVSODFHPHQWV

7KHKHDGDQG7[GLVSODFHPHQWVZHUHFORVHWRWKHYROXQWHHUWHVWUHVXOWVEHIRUHWKHUHERXQGDWDURXQG
PV)LJ

)LJ&RPSDULVRQRIKHDGDQG7[GLVSODFHPHQWRIWKH(YD5,'9PRGHOUHVSRQVHUHGZLWKFRUULGRUVFRQVWUXFWHGIURPDOO
YROXQWHHUWHVWGDWDRUDQJHOLQHVDQG9ROXQWHHUEODFNOLQHV
+HDGDQG7DQJXODUGLVSODFHPHQW

7KHDQJXODUGLVSODFHPHQWRIWKHKHDGZDVZLWKLQWKHFRUULGRUIRUWKHILUVWPVKRZHYHUWKHDQJXODU
GLVSODFHPHQWRI7URWDWLRQUHVSRQVHZDVQRWZLWKLQWKHFRUULGRUIRUWKHILUVWPV)LJ7KXVWKH
(YD5,'9PRGHOWRUVRKDVFRQVLGHUDEO\VWLIIHUSURSHUWLHVLQH[WHQVLRQWKDQIOH[LRQ7KHSURSHUWLHVRI
WKHILQLWHHOHPHQWPRGHORIWKHVHDWDQGVHDWEHOWPD\DOVRFRQWULEXWHWRVRPHRIWKLVGLVFUHSDQF\

&RUULGRU
6XEMHFW
6LPXODWLRQ
&RUULGRU
6XEMHFW
6LPXODWLRQ
&RUULGRU
6XEMHFW
6LPXODWLRQ
&RUULGRU
6XEMHFW
6LPXODWLRQ
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)LJ&RPSDULVRQRIKHDGDQG7DQJXODUGLVSODFHPHQWRIWKH(YD5,'9PRGHOUHVSRQVHUHGZLWKFRUULGRUVFRQVWUXFWHGIURP
DOOYROXQWHHUWHVWGDWDRUDQJHOLQHVDQG9ROXQWHHUEODFNOLQHV
,QMXU\&ULWHULD:3

7KHGHILQLWLRQVRIFXUUHQWO\XVHGQHFN LQMXU\FULWHULD1,&ZHUH UHYLVLWHG WR LQYHVWLJDWHZKDWEHDULQJ
WKH\KDYHRQWKHIHPDOHLQMXU\ULVN6XJJHVWLRQVRQKRZWKHIHPDOHLQMXU\ULVNFDQEHWDNHQLQWRDFFRXQW
ZHUHIRUPXODWHGEDVHGRQWKHILQGLQJV3RVVLELOLWLHVLQFOXGHVFDOLQJRUHVWLPDWLQJLQMXU\ULVNFXUYHVIRU
IHPDOHVDQGGHILQLQJVSHFLILFLQMXU\WKUHVKROGYDOXHVIRUFXUUHQWO\XVHGFULWHULD7RHVWDEOLVKZKHWKHUVXFK
VXJJHVWLRQV DUH SODXVLEOH DQG ZRXOG OHDG WR YLDEOH UHVXOWV VOHG WHVWV DQG FRPSXWHU VLPXODWLRQV DUH
FRQGXFWHG$%LR5,'PRGHOZDVPRGLILHGWRPHHWWKHDQWKURSRPHWU\RIDIHPDOHLQRUGHUWRFRQGXFWWKH
VOHGWHVWV'LIIHUHQWVHDWPRGHOVVRPHILWWHGZLWKUHDFWLYHDQWLZKLSODVKV\VWHPVZHUHXVHGLQWKHVOHG
WHVWV7KHUHVXOWVRIWKHWHVWVZHUHFRPSDUHGWRH[LVWLQJVOHGWHVWGDWDFRPSULVLQJD%LR5,',QDGGLWLRQ
FRPSXWHUVLPXODWLRQVFRPSDULQJWKHQHFNORDGLQJRID%LR5,'PRGHODQGWKHQHZIHPDOHGXPP\PRGHO
(YD5,'GHYHORSHG LQ:3DUHEHLQJSHUIRUPHG WRDQDO\]HFKDQJHV LQQHFN ORDGLQJDQG WKHLU OLQN WR
LQMXU\ ULVN LQ FORVHU GHWDLO 7KH ZRUN RI:3 LV RQJRLQJ +HQFH VSHFLILF UHVXOWV DUH QRW \HW SXEOLFO\
DYDLODEOH

6HDWHYDOXDWLRQ*XLGHOLQHV:3

7KHJHQHUDOREMHFWLYHRI:3LVWRLOOXVWUDWHWKHIXQFWLRQRIDQWLZKLSODVKV\VWHPVZKLFKKDYHVKRZQWR
RIIHU LQFUHDVHG LQMXU\ SURWHFWLRQ LQ WKH UHDOZRUOG GDWD ,Q SDUWLFXODU WKH VHDW UHVSRQVH WR GLIIHUHQW
DQWKURSRPHWULF YDOXHV VKRXOG EH HYDOXDWHG 7KH VHDW PRGHO ZLOO EH UXQ LQ FRPSXWDWLRQDO VLPXODWLRQV
FRPSULVLQJERWKIHPDOHDQGPDOHPRGHOVLQRUGHUWRLOOXVWUDWHDGYDQWDJHVDQGGLVDGYDQWDJHVRIGLIIHUHQW
VHDW GHVLJQV 7R DFKLHYH RSWLPXP GLVVHPLQDWLRQ RI WKH UHVXOWV WRROV VXPPDULVLQJ DQG H[SODLQLQJ WKH
PDLQRXWFRPHVRIWKLVSURMHFWWRVHDWGHYHORSHUVDVZHOODVXVHUVWKHRFFXSDQWVZLOOEHFUHDWHG

:3LVGLYLGHGLQWRWZROHYHOV)LUVWO\DEHQFKPDUNIRUILQLWHHOHPHQWVLPXODWLRQVZLOOEHVHWWRGHVFULEH
WKHFXUUHQWVLWXDWLRQLQPDOHDQGIHPDOH:$'SURWHFWLRQ$FRPSDULVRQRIUHVXOWVRIWKH%LR5,'DQGWKH
QHZO\ GHYHORSHG (YD5,' PRGHO ZLOO EH PDGH 6HFRQGO\ VOHG WHVWV FRPSULVLQJ WKH %LR5,' GXPP\
VHDWHGLQGLIIHUHQWVHDWVZLOOEHSHUIRUPHG7KHWHVWHGVHDWVZLOOSURYLGHWKHEDVLVIRUYDOLGDWLQJDJHQHULF
VLPXODWLRQ VHDW PRGHO LQ /6'\QD 7KH JHQHULF VHDW ZLOO EH YDOLGDWHG DFFRUGLQJ WR WKH WHVWHG VHDWV
FRPSULVLQJWKH%LR5,'GXPP\7KHYDOLGDWHGQXPHULFDOVHDWPRGHOZLOOEHXVHGWRRSWLPLVHWKHVHDWIRU
WKHIHPDOH(YD5,'DQGPDOHGXPP\%LR5,'PRGHO7KLVVHDWPRGHOZLOODOORZPRGLILFDWLRQRIVHDW
EDFNVWLIIQHVVFRQWRXUEROVWHULQJKHDGUHVWUDLQWHYDOXDWLRQDQGG\QDPLFVHDWEHKDYLRXU7KHVHDWVSURV
DQGFRQVLQUHVSHFWRIIHPDOHDQGPDOHGXPP\DQWLZKLSODVKSURWHFWLRQZLOOEHHYDOXDWHG$QWLZKLSODVK
V\VWHP VWUDWHJLHV ZLOO EH H[SODLQHG WR GHYHORSHUV DQG XVHUV LQ RUGHU WR SURYLGH PD[LPXP OHYHO RI
SURWHFWLRQWRERWKPDOHVDQGIHPDOHV
&RUULGRU
6XEMHFW
6LPXODWLRQ
&RUULGRU
6XEMHFW
6LPXODWLRQ
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'LVFXVVLRQ
$FFRUGLQJWRUHDOZRUOGFDUFUDVKUHFRUGVLWLVDSSDUHQWWKDWIHPDOHVKDYHDKLJKHUULVNRIVXVWDLQLQJ
ZKLSODVKLQMXULHVWKDQPDOHV$VWXG\KDVDOVRVKRZQWKDWDQWLZKLSODVKFRQFHSWVDUHPRUHHIIHFWLYHIRU
PDOHV WKDQ IHPDOHV .XOOJHQ DQG.UDIIW 6WXGLHVKDYH UHYHDOHGPDQ\GLIIHUHQFHVEHWZHHQPDOHV
DQGIHPDOHVZKLFKPD\LQIOXHQFHWKHGLIIHUHQFHLQLQMXU\ULVNIRUH[DPSOHGLIIHUHQFHVLQVHDWHGSRVWXUH
-RQVVRQ HW DO PXVFOH DFWLYLW\ )RXVW HW DO  DQG KHDG WR QHFN VL]H 6WDWHV HW DO  WR
PHQWLRQMXVWDIHZ,QWKHODWWHUVWXG\LWLVVKRZQWKDWIHPDOHVRQDYHUDJHDUHOLJKWHUDQGVKRUWHU
WKDQPDOHV,QRUGHUWRLPSURYHZKLSODVKSURWHFWLRQFRQFHSWVIRUERWKVH[HVDQGLQSDUWLFXODUIRUIHPDOHV
LWLVLPSRUWDQWWREHWWHUXQGHUVWDQGZKDWLQIOXHQFHVWKHG\QDPLFUHVSRQVHDQGWKHLQMXU\ULVN

$VDILUVWVWHSLQWKHSURFHVVRIGHYHORSLQJDILQLWHHOHPHQWPRGHORIDQDYHUDJHIHPDOHWKH(YD5,'
9 ZDV FUHDWHG E\ VFDOLQJ DQWKURSRPHWU\ JHRPHWU\ DQG PDVV SURSHUWLHV EDVHG RQ WKH %LR5,' ,,
GXPP\PRGHO7KHZHLJKWGLVWULEXWLRQRI(YD5,'LVVRPHZKDWGLIIHUHQWIURPWKH%LR5,'(YD5,'KDVD
VOLJKWO\ OLJKWHU WRUVR D KHDYLHU SHOYLV DQG VRPHZKDW KHDYLHU XSSHU OHJV +RZHYHU WKH MRLQW VWLIIQHVV
SURSHUWLHVRI WKHVSLQH WRUVRDQGQHFNZHUH WKH VDPHDV WKDWRI WKH%LR5,',, ,QRUGHU WRREWDLQD7
DQJXODUPRWLRQDVUHSRUWHGIURPYROXQWHHUWHVWVWKHVWLIIQHVVRIWKH(YD5,'PRGHOZLOOQHHGWREHWXQHG

'XULQJWKHHYDOXDWLRQLWZDVREVHUYHGWKDWWKH(YD5,'9PRGHOVKRZHGOHVVDQJXODUPRWLRQRIWKH
WRUVRVSLQH LQ H[WHQVLRQ LQ FRPSDULVRQ WR WKH VXEMHFWV )LJ 'XH WRKDYLQJ LQKHULWHG WKHGHVLJQ DQG
SURSHUWLHVRIWKH%LR5,',,GXPP\PRGHODGMXVWPHQWVLQMRLQWFKDUDFWHULVWLFVZHUHQRWPDGHLQWKH9
PRGHO&RQVHTXHQWO\WKH7URWDWLRQLVH[SHFWHGWREHFRQVLGHUDEO\OHVVFRPSDUHGWRWKHUHVSRQVHRIWKH
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(YD5,'PRGHO
&RQFOXVLRQ
7KH$'6($7SURMHFWKDVUHYLHZHGWKHZKLSODVKLQMXU\ULVNHVWDEOLVKHGWKHDQWKURSRPHWULFGDWDRIDQ
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HOHPHQWPRGHO RI DQ DYHUDJH IHPDOH GXPP\ DQG SHUIRUPHG FDU VHDW WHVWVZLWK D GXPP\ WKH VL]H DQG
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SURSHUWLHV RI DQ H[LVWLQJ FUDVK WHVW GXPP\ WKH%LR5,' ,,PRGHO 6WLIIQHVV DQG GDPSLQJ SURSHUWLHV RI
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